Introduction
According to most researchers, a metabolic disorder of connective tissue proteins is a major cause of post-surgical adhesions induction [1] [2] [3] . These authors conclude that postsurgical adhesions formed under the influence of complex multifactor processes at the level of the genome of fibroblasts and tissue macrophages, against the background of the restructuring of humoral regulators of collagen metabolism. Analysis of the basic mechanisms of post-traumatic fibrosis indicates a universal role of the beta1 (TGF-beta1), transforming growth factor responsible for the metabolic disorder of connective tissue proteins [4, 5] Other authors also make direct reference to the leading role of TGF-beta1 in the pathogenesis of adhesion formation in gynecologic operations [2, 3] . It has also been reported that growth factors-cytokines belonging to the family of TGF-beta-play a significant role in the mechanisms of tissue regeneration, ensuring restoration of structural and functional properties of damaged organs [5, 6] . Chevronnay and colleagues emphasize their value in re-epithelialization in the endometrium of cyclic processes of female reproductive system [7] . Consequently, on the one hand, the literature informs us that TGF-beta is an important link in the humoral regulation of repair processes. On the other hand, experimental and clinical data indicate that TGF-beta1 is involved in the pathogenesis of post-surgical adhesions. Thus, the involvement of TGFbeta in physiological and pathophysiological mechanisms of tissue repair and fibrosis of posttraumatic requires deeper investigation. The purpose of this study was to examine the influence of factors modulating the intensity of post-traumatic fibrosis of the rat uterus and the formation of peritoneal adhesions. In addition, we also did a comparative evaluation of experimental models of formation of post-traumatic adhesions, based on the intraperitoneal injection of an aqueous suspension of barium sulfate or talc.
Materials and methods
We selected inbred female albino rats weighing 200-250 g. During the entire experiment, the animals received a standard diet with free access to drinking water. Formation of adhesions was induced by a single intraperitoneal injection of an aqueous suspension of barium sulfate or talc, in accordance with a previously described technique by Bezhin. By Animals were randomly divided into 4 groups of 10 each. In the first group, the animals exposed to talc-induced adhesions. In the second group, rats were injected with an aqueous suspension of barium sulfate talc (20% in mass ratio) administered by a single-dose syringe in the pelvic area. The rats in group vitamin D in doses of 1 mg per 1 kg body mass 3 was injected intraperitoneally [8] 2 h after injection of talc. Further, administration of vitamin D was continued daily throughout the experiment. Rats in group 4, were administered 3% aqueous solution of sodium chloride for 3 days prior to the introduction of talc except in addition to the barium sulfate, and then, during the 7-day experiment. All rats received saline instead of drinking water. After 7 days, rats were decapitated under light ether anesthesia and tissue samples of the uterus were collected and fixed in 10% formalin solution for further pathological studies. Further material was treated by conventional methods, followed by filling in paraffin. Thick slices of tissue 5 to 7 microns were stained with hematoxylin and eosin. To identify in sections of collagen fibers of connective tissue, van Gieson's stain was used.
Results
Inspection of the abdominal cavity of rats all groups was carried out during the autopsy; the formation of adhesions in all animals tested was revealed.
In turn, the results of histological analysis of tissue samples of rats that received only talc showed that the where swelling of the myometrium is expressed to a greater extent, there is a diffuse lymphoplasmacytic infiltration. Myometrial vessels are in a state of hyperemia, the average severity of observed perivascular edema. The wall of the rectum with evidence of pronounced interstitial edema, intramuscular, and the folds are expressed. As a result of edema, epithelium partially peeled from the underlying tissue, and there was massive hemorrhage of the hemorrhagic impregnation type. Collagen fibers are equally well developed in its own record of the intestinal mucous and in the stroma of intestinal villi. In his own record reveals mucosal sites fibrinoid swelling with the formation of small-sized cell infiltrates lymphohistiotcytes ( Figure 1 ).
On the 7 th day of the experiment in the formulations of the animals receiving only barium sulfate, there were signs of acute inflammation, manifested diffuse and focal leukocyte infiltration of the vagina, endometrium, and myometrium. In some cases, the uterine ligament displayed, blood circulation disorders in the form of hyperemia and small hemorrhages, and developed expressed edema. In addition, varying degrees of collagenization of endometrium, myometrium and adventitial vessels of the uterus and fallopian ligament, lymphohistiocytic lobular infiltration of fibro-muscular sheath formation, as well as tumor blood vessels in the tissues of the vagina and endometrium of experimental animals, is evidence of previous inflammatory processes and the beginning of its outcome in multiple sclerosis (Figure 2 ). It is also of interest that in some cases, the collagen network is mainly formed in the basal endometrial compartment, covers the thin fibrils endometrial cancer and does not apply to this subject in the muscular layer.
In histological preparations of animals injected with both talc and vitamin D on the 7 th day of the experiment, expressed leukocyte (mainly neutrophil) infiltration of the endometrium, myometrium was detected, the parameters lymphohistiocytic infiltration of muscle and connective tissue ligaments of the uterus. Leukocyte infiltration of the endometrium was significant enough that the stromal elements of the endometrium were impossible to observe in the course of the study. In the basal parts of the endometrium relatively large foci of hemorrhage and hemosiderosis are often observed. Collagen fibers of connective tissue are visualized in the myometrium. Collagenization also affects the endometrium, but to a much lesser extent. At the boundary of the outer and inner muscle layers of the myometrium, high diameter,vessels are formed having developed the vascular wall ( Figure 3) .
Preparations of animal tissues treated with barium sulfate + sodium chloride were dominated by non-specific manifestations of the severe exudative-proliferative response. Mesothelium peritoneum proliferates and becomes a multi-row. Histiocytic reaction occurs in mesenteric adipose tissue of the intestine and is topologically identical with that in sections of intestine containing adhesions ( Figure 4 ).
There is hyperplasia of the lymph nodes and the intestines, which are fused together to form a giant cluster of lymphoid, stenosing ulcer penetrating the lumen between villi in the gut lumen ( Figure 5 ).
Sclerosis of the arteries is observed, located in its own bundle of muscle or nerve fibers surrounded by a common connective tissue of the uterus, on the background of severe inflammatory lymphoid histiocytic infiltration. Perivascular connective tissue becomes coarse fibered, with areas of metachromasia and mucoid swelling, cell infiltration, and clusters of actively phagocytic macrophages. 
Discussion
We next compare the intensity of structural changes in the tissue samples of rats receiving only the barium sulfate or talc. Since the subject of investigations was the pathogenetic mechanisms of posttraumatic adhesions in female rats, the results of population studies confirm the thesis that the risk of postoperative adhesions in gynecology can be reduced through the introduction of less traumatic methods of surgical intervention, reducing the size of the wound surface, which then determines the intensity of stimulation of regenerative processes and the degree of ischemia [9] . We emphasize that our experimental methods of induction of adhesions were based on the intraperitoneal injection of an aqueous suspension of insoluble substances. In this case, the technical execution of the injection and the magnitude of the input of the suspension were the same in both groups of animals, which, in turn, provides a reason to expect minor differences between the intensity of the induced damage and the dynamics of reparative processes. However, for the correct inter-group comparative analysis of the data, it was necessary to develop the most relevant structural parameters that adequately reflect the state of adhesions and the dynamics of the regeneration of damaged tissues. Most authors of related publications share the view that the severity of adhesions induced by the operation is closely linked to the intensity of accumulation of collagen and the stimulation of neoangiogenesis [3, 10, 11] . In keeping with this reasoning, we selected attributes deposition of collagen fibers and the manifestation of neoangiogenesis as the parameters for the histological analysis of the tissue samples. In addition, as noted by the evidence in the literature about the role of the inflammatory response in wound healing and pathological changes in organ repair mechanisms. The accumulation of collagen occurs in a nondegradative environment, and collagenases and their inhibitors have a role in the maintenance of fibrosis. Fibrosis appears to be a ubiquitous response of peritoneal tissues to the damaging effects of uremia, bioincompatible dialysate, recurrent infection, and inflammation [12] . Analyzing the results of our research, we conclude that, in the group of rats treated with talc, the changes observed are quite modest and appear match to clearly defined criteria for a diffuse leukocyte infiltration, perivascular edema and congestion of blood vessels, most prominent in of the myometrium. At the same time, histological analysis of uterine tissue samples containing adhesions to the rectum revealed gross structural abnormalities of the intestine tissue, characterized by marked signs of fibrosis, leukocyte infiltration and distinct foci of hemorrhage. In the group of rats treated with barium sulfate, signs of inflammation (leukocyte infiltration, edema, bright vascular reaction) are observed in all layers of the uterus. Diffuse uniform collagenization also affects all layers of the uterus; however, the most intense deposition of collagen fibers is observed mainly in the basal layer of the endometrium. In addition, a significant feature of this group of animals was distinct signs of neoangiogenesis in the endometrium.
Thus, our histological analysis of tissue samples from rats exposed to barium sulfate or talc suggests that the formation of adhesions, confirmed by examination of the macro samples during the autopsy and combined with the characteristic structural changes of the tissue samples, shows symptoms of fibrosis and inflammation. Along with this, the most important feature found in the histological analysis of tissue samples of animals treated with barium sulfate, is the clear signs of neoangiogenesis in the tissues of the uterus: a large number of small arteries, located groups, as well as presence in endometrial atypical for a given layer of the uterus blood vessels that have a direct and significant progress gauge of development. Consequently, our results on one hand confirm the effectiveness of our experimental methods to reveal the induction of post-traumatic adhesions; on the other hand, the results demonstrate the manifestation of different parts of the pathogenetic mechanism of the formation of adhesions that are specific to barium sulfate.
Considering our data, it is appropriate to emphasize that a significant proportion of publications devoted to the problem of preventing and treating post-surgical adhesions in women, includes information on the use of various pharmacological drugs used to suppress inflammatory responses [13] , maintaining the effectiveness of antioxidant protection [14] , humoral regulation of metabolism of collagen [15] and neoangiogenesis [16, 17] , as well as an analysis of the features of the technology gynecological operations [18] . However, most authors emphasize the special role of the cytokine family of TGF-beta in the mechanisms of wound healing in gynecological operations and their involvement in pathological changes in repair processes, leading to the formation of adhesions [2, 3] .
In this connection, it is necessary to point out that there are also reports that vitamin D has the ability to suppress humoral mechanisms of induction, secretion and activation of TGF-beta1 [8, 19] as well as to ensure optimization of the system of secondary messengers of TGF-beta1, inhibiting the intracellular signal prosclerotic cytokine [20] . Also of interest is evidence that a number of low-toxic substances such as sodium chloride may increase the local production of TGF-beta1 do not directly cause structural and functional changes in internal organs in acute and subacute period of exposure to saline [21] . In view of that data, we carried out experimental investigations of influence of factors modulating the state of cytokine TGF-beta for the process of posttraumatic regeneration of tissues of the rat uterus. In accordance with that purpose, we selected models of experimental pathology based on the intraperitoneal administration of barium sulfate on the background of the destination of sodium chloride solution, as well as talc, against the background of vitamin D.
Our results showed that the group of animals treated with barium sulfate + saline compared with rats exposed only barium sulfate had significant deterioration of the studied parameters. In particular, the gain recorded deposits of collagen, mostly unformed loose structure, and moderately infiltrated cells histiocytic series. We emphasize that the uncommon finding in this layer of connective tissue is newly formed blood vessels. We observed the signs of proliferation mesothelium of the peritoneum, in the perivascular zone develops coarse-fibered connective tissue with foci of cellular infiltration, clusters of actively phagocytic macrophages. In this case, contrary to the expected results in the group of animals treated with talc + Vitamin D, we found a significant increase in the processes of inflammation and fibrosis of the uterus, as well as -important to note -against the background of a distinct stimulation of neoangiogenesis, as compared with rats that received only talc.
It must be recognized that the planning phase of the experiment suggested that the inclusion of vitamin D may have beneficial effects on the course of reparative processes in uterine tissues of rats treated with talc + vitamin D. These assumptions were based on published data on the nature of vitamin D on the system of intracellular signaling Smad-proteins responsible for the implementation prosclerotic effects of TGF-beta1 [20, 22] , to recommend the drug for clinical use to reduce TGF-beta1-dependent post-traumatic fibrosis of internal organs by suppressing the biosynthesis of collagen -I and the conversion of fibroblasts into myofibroblasts [3] . Introduced in the same way during the repair of damaged tissue, vitamin D can inhibit TGF-beta1-dependent remodeling of blood vessels [24] . At present, mechanisms of regulation of vitamin D in mineral metabolism are well studied [25] . There are also some reports emphasizing the importance of 1,25-dihydrooxyvitamin D in the regulation of cell division, differentiation and apoptosis [22, 26] . Systematic reviews of the cited information of interest to analyze their own research results in relation to the role of vitamin D in the regulation of neoangiogenesis and inflammatory reactions confirms the physiologically active compound as a potent blocker of neoangiogenesis, as demonstrated by immunomodulatory properties with respect to macrophage and monocyte cell number [27] . It has been established that vitamin D blocks the maturation process of dendritic cells [28] . Current studies indicate that monocytes and macrophages have their own enzymatic complexes involved in the metabolism of vitamin D [26] as major humoral regulators maturation of dendrite cells [29, 30] . Those authors cited sources that provide experimental evidence of inhibition of vitamin D maturation of dendrite cells. The activation of this mechanism in the uterus in the early stages of pregnancy has been proved experimentally [28] . Thus, the results of numerous studies indicate that vitamin D reduces the production of inflammatory cytokines, weakening the intensity of fibrosis tissue. At the same time, noteworthy reports show the effects of vitamin aimed at slowing the maturation process of dendrite cells; it has previously been shown that programmable controllers of specific breakdown of the processes of maturation of dendrite cells can induce a number of irregularities in the immune system, forming foci of chronic inflammation and promoting angiogenesis [31] . Indeed, the literature contains a few publications confirming the assumption that an alternative pathway activation of dendrite cells is induced, including vitamin D, accompanied by increased secretion of pro-angiogenic (VEGF, FGF-2) and prosclerotic (TGF beta1) factors [32, 33] . In this case, the literature expressed quite divergent views on the mechanisms of direct effect of vitamin D on the parameters of neoangiogenesis [24, 34] .
Taking note of reports that TGF beta is normally fulfills a key function in regulating the cyclical nature of endometrial proliferative activity [7, 35] , that TGF beta is of fundamental importance in the cooperative interaction with the immune system in the management of angiogenesis in the endometrium [36] , and also plays a major role in the repair of post-traumatic uterine tissue [3] , we should recognize the relevance of the selected areas of research, both for theoretical medicine, as well as for implications in public health practice. The data obtained from the use of sodium chloride to stimulate production of TGF beta in the group of animals exposed to barium sulfate provide additional support for this conclusion.
Recall that a comparative analysis of postmortem tissues of the rat uterus treated with barium sulfate or talc showed the most pronounced structural changes of the body against the administration of barium sulfate. In addition, the qualitative difference in changes caused by the appointment of barium sulfate is a clear stimulation of neoangiogenesis, which is increasing significantly influenced by salt solution. According to the literature, excessive consumption of sodium chloride by rats leads to increased production of TGF beta1 intraorganic during the first 24 hours of exposure to salt solution and may be accompanied by stimulation of the mechanisms of conversion of latent cytokines in the physiologically active [37, 38] . As the results of clinical studies are normal, the highest levels of expression of TGF beta1 recorded in the epithelium of endometrial stromal cells without undergoing substantial changes during the menstrual cycle [7] . The information presented in one review [35] suggest that the functional activity of the cytokine family, which includes, in addition to TGF beta proteins, morphogenesis of bone, under the direct control of the sex steroids are directly involved in the regulation of such key exchange processes in the tissues of the uterus, including the management of cyclical proliferation and apoptosis in epithelial repair processes, angiogenesis and local modulation of immune responses. In addition to the direct effect of TGF beta in the formation of new blood vessels [39, 40] , the effect of the cytokine on the physiological and pathophysiological mechanisms of neoangiogenesis in uterine tissues can be realized through the regulation of collagen metabolism, which includes a number of metalloproteinases and their tissue inhibitors [41] . On the one hand, the results of their research provide evidence of activation of sodium chloride TGF beta, as evidenced by the maximum intensity of tissue fibrosis, sclerosis of blood vessels, neoangiogenesis and adhesions. On the other hand, the violations influences are observed against a background of clearcut amplification of immune responses that are not fully consistent with the notion of the regulatory effects of TGF beta-a powerful immunosuppressant [35] . Published studies indicate that a number of pro-angiogenic cytokines (VEGF) have proinflammatory properties, inducing activation of immune cells [42] . In turn, as shown by experimental observations, the newly formed blood vessels are an effective route of leukocytes into tissues [32] .
Thus, in summary, we can conclude that assuming the use of vitamin D as a deterrent to the process of post-traumatic adhesion formation by suppressing the activity of TGF beta, based on our research results, this drug shows poor therapeutic efficacy in experimental models of pathological processes, using talc, providing a relatively low rate of adhesions and pathological changes in tissue structure of the uterus. We assume that this results from immunomodulatory properties of vitamin D which may be directed to the switching of immune responses, in particular, the mechanisms of maturation of dendrite cells, as an alternative. This sequence of events contributes to the formation and maintenance of foci of chronic inflammation and increased expression of pro-angiogenic and prosclerotic factors. Emerging pockets of chronic inflammation, increasing the potential prosclerotic effect, contribute to the development of organ fibrosis [43] . Note that these findings do not contradict the views of the importance of the role of the TGF beta in the healing process. On the other hand, the induction of TGF beta1 due to the inclusion of saline points to the relevance of maintaining a balance of cytokines required for optimal flow of reparative processes.
Conclusions
1. We established that intraperitoneal injection of rats with an aqueous suspension of barium sulfate, as compared with talc, results in a more intense manifestation of adhesions and stimulation of neoangiogenesis in the uterus. 2. We showed that prolonged intraperitoneal administration of vitamin D to rats subjected to single exposure of talc was accompanied by activation of neoangiogenesis and increased structural damage to tissues of the uterus; the intensity of the adhesion process was increased. 3. We established that prolonged exposure to saline rats exposed to a single effect of barium sulfate, causes gross structural damage to the tissues of the uterus and induces pathological changes in the reparative processes in the background of significant amplification of education post-traumatic adhesions.
